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Description 

[INTEGRATED CIRCUIT MACRO PLACING 
SYSTEM AND METHOD] 

Background of Invention 
[0001] FIELD OF THE INVENTION: 

[0002] The present invention generally relates to the field of in- 
tegrated circuits. In particular, the present invention is di- 
rected to an integrated circuit macro placing system and 
method. 

[0003] BACKGROUND OF THE INVENTION: 

[0004] The layout of many types of integrated circuit chips in- 
volves locating a plurality of pre-designed integrated cir- 
cuit functional blocks, i.e., macros, aboard the chips. For 
example, for chips such as general microprocessor chips, 
macros are typically placed during the floor-planning 
phase of design, i.e., the phase in which the overall layout 
of the chip is performed. In this context, macros are gen- 
erally arranged on the chips in spaced relationship with 



one another, with the wiring connecting the various 
macros to one another being essentially customized to the 
particular arrangement of macros resulting from the 
floor-planning phase. 

[0005] At the opposite end of the floor-planning spectrum, many 
macros utilized in application-specific integrated circuits 
(ASICs) are often designed to be placed immediately adja- 
cent one another so that immediately adjacent pairs of 
macros can share common wiring that connects the 
macros to the appropriate electrical networks, e.g., a 
power network (such as VDD), a ground network (GND) or 
a signal network, located on the various metal levels of 
the chip. In ASICs, the electrical networks are typically in 
the form of regular wiring grids that extend over the en- 
tire region(s) in which macros may be placed. Conse- 
quently, in the floor-planning phase of ASICs, many of the 
macros are simply placed side-by-side without the need 
to design custom power ground and signal wiring. 

[0006] Between the two extremes just mentioned lies an interme- 
diate design approach in which macros are not necessarily 
uniformly designed so as to be placed immediately adja- 
cent any other macro as is typically done in ASIC design, 
but are also not necessarily incompatible with one another 



so as to require custom wiring. In this intermediate design 
approach, some macros may be configured so as to allow 
placement immediately adjacent one another so that they 
may share some common wiring to the electrical net- 
works. However, there is presently not an efficient and ef- 
fective way to determine if macros are compatible with 
one another so as to take advantage of ability to place 
them immediately adjacent each other and share common 

wiring. 
Summary of Invention 

[0007] | n one aspect, the present invention is directed to a 
method of placing a first integrated circuit macro in a 
floor plan containing at least one second integrated circuit 
macro. The method comprises the steps of: a) defining 
edge constraints on at least one edge of the first inte- 
grated circuit macro; b) defining edge constraints on at 
least one edge of the second integrated circuit macro; and 
c) automatically comparing the edge constraints on the at 
least one edge of the first integrated circuit macro and the 
edge constraints on the at least one edge of the second 
integrated circuit macro with one another. In another as- 
pect, the present invention is directed to a computer 
readable medium containing computer executable in- 



structions implementing a method of placing a first inte- 
grated circuit macro in a floor plan containing at least one 
second integrated circuit macro. The instructions com- 
prise a first set of instructions for defining edge con- 
straints on at least one edge of the first integrated circuit 
macro and defining edge constraints on at least one edge 
of the second integrated circuit macro. A second set of in- 
structions is for comparing the edge constraints on the at 
least one edge of the first integrated circuit macro and the 
edge constraints on the at least one edge of the second 

integrated circuit macro with one another. 
Brief Description of Drawings 

[0008] For the purpose of illustrating the invention, the drawings 
show a form of the invention that is presently preferred. 
However, it should be understood that the present inven- 
tion is not limited to the precise arrangements and instru- 
mentalities shown in the drawings, wherein: 

[0009] FIG. 1 is a floor plan view of an integrated circuit chip 
containing a plurality of macros placed using a system 
and method of the present invention; 

[0010] FIG. 2 is an enlarged cross-sectional view of the inte- 
grated circuit chip of FIG. 1 as taken along line 2-2; 

[0011] FIG. 3 is a flow-diagram illustrating a macro-placement 



method of the present invention. 
[0012] FIG. 4A is a high-level plan view of a pair of macros that 
may be placed using a system and method of the present 
invention; 

[0013] FIG. 4B is a high-level plan view of a legal placement of 
the macros of FIG. 4A relative to one another; 

[0014] FIG. 4C is a high-level plan view of an alternative legal 
placement of the macros of FIG. 4A; 

[0015] FIG. 5A shows a constraint vector corresponding to edge 4 
of the to-be-placed macro of FIG. 4A; 

[0016] FIG. 5B shows an edge constraint vector for an edge hav- 
ing overlapping constraints; 

[0017] FIG. 5C illustrates a compact edge constraint definition for 
the edge and edge constraint vector of FIG. 5B; and 

[0018] FIG. 6 is a partial high-level schematic diagram of a 

macro-placement system of the present invention. 
Detailed Description 

[0019] Referring now to the drawings, FIGS. 1 and 2 illustrate an 
integrated circuit chip 100 having a plurality of macros 
104A-104N placed using a macro placement system and 
method of the present invention. One embodiment of a 
macro placement system and one embodiment of a macro 
placement method are described below in detail. However, 



in order to provide a context for the macro placement 
system and method of the present invention, chip 100 is 
described first. 

[0020] chip 100 may be any type that utilizes a plurality of 

macros, e.g., macros 104A-104N, that are neither fully 
incompatible with one another so as to require custom 
wiring in every instance nor fully compatible with one an- 
other such that macros may be placed essentially without 
regard to wiring considerations. Chip 100 may be of any 
type, e.g., processor, memory, system on chip or con- 
troller, among others. Those skilled in the art will readily 
appreciate that chip 100 may be designed to perform any 
functions typical of integrated circuits and that the type of 
chip is generally not relevant to the broad scope of the 
present invention. As discussed in the background section 
above, such macros may or may not be compatible with 
one another so as to share common wiring. Thus, in order 
to place macros in a manner that minimizes wiring, it is 
necessary to determine whether or not various ones of 
macros are compatible with one another so that certain 
wiring may be shared. 

[0021] chip 100 may include one or more regions, such as re- 
gions 108A-108C, containing macros 104A -104N and 



other integrated circuitry 112. If a plurality of regions are 
used, each region may be largely dedicated to macros and 
other circuitry of a certain type. For example, region 108A 
may contain macros 104A-104E and/or other circuitry 
112 corresponding to memory and memory functions, re- 
gion 108B may contain macros 104E-104J and/or other 
circuitry 112 corresponding to logic and associated func- 
tions, and region 108C may contain macros 104K-104N 
and/or other circuitry 112 corresponding to external 
communications and associated functions. Of course, chip 
100 need not be organized so, but rather may have 
macros 104A-104N and/or other circuitry 112 placed 
throughout a single region in a more distributed fashion. 
[0022] Regardless of how macros 104A-104N and other inte- 
grated circuitry 112 are arranged aboard chip 100, the 
chip will typically include a device region 116 (FIG. 2) that 
includes the various electronic devices (not shown), e.g., 
transistors, capacitors, resistors, etc. that form macros 
104A-104N and other circuitry 112. Device region 116 
will typically include a substrate (not shown) and a plural- 
ity of semiconducting, conducting, superconducting and/ 
or insulating layers and regions (not shown) that form the 
electronic devices and intra-macro electrical connections. 



Chip 100 will also typically include a plurality of metal 
levels, e.g., metal levels M1-M7, each containing wiring 
120 for one or more of the electrical networks that pro- 
vide 1) power to the macros and circuitry (e.g., VDD), 2) a 
ground (GND) for the macros and circuitry, 3) inter-macro 
signal pathways (not shown) and 4) chip I/O pathways (not 
shown), among others. Those skilled in the art will readily 
understand the many ways in which device region 116 and 
metal levels M1-M7 may be configured and arranged such 
that a detailed explanation of them is not necessary for 
those skilled in the art to understand how to make and 
use the present invention. 
[0023] Depending on their functionality and design, each macro 
104A-104N will typically need to be electrically connected 
to one or more of the electrical networks provided on 
metal levels M1-M7. For example, macro 104A may be 
electrically connected to network GND on metal level M2 
by connector 122 and to network VDD on metal level Ml 
by connector 124, and macro 104B may be electrically 
connected to network VDD on metal level Ml by connec- 
tor 126, which may merge with connector 124 to form a 
common connector 128. Macros, such as macros 
104A-104N, may each be considered to be bounded by a 



fictitious boundary rectangle 130 having four "edges". In 
addition, the various connectors 122, 124, 126, e.g., con- 
nectors, used to connect the macros to the necessary 
metal level(s) typically extend to or through boundary 
rectangle 130 on one of the edges thereof. 
[0024] a s shown, macros 104A, 104B share common electrical 
connector 128 to network VDD on metal level Ml along 
edges 132, 134, respectively. This placement was made 
using a macro placement system and method of the 
present invention. If macros 104A, 104B were not placed 
as shown, two electrical connectors 124, 126 would gen- 
erally be necessary to connect the two macros to network 
VDD on metal level Ml. That is, common connector 128 
could not be implemented. For example, if macro 104A 
had been placed in the same location but in its mirror im- 
age form (relative to FIG. 2) such that edge 136 of macro 
104A confronted edge 134 of macro 104B, connector 120 
of macro 104A to network GND would be located adjacent 
connector 126 of macro 104B to network VDD. Since the 
purposes of these connectors 122, 126 conflict with one 
another, they need to remain separate between their re- 
spective macros 104A, 104B and electrical networks VDD, 
GND. 



[0025] FIG. 3 illustrates a macro placing method 300 of the 

present invention. Generally, macro placing method 300 
involves comparing physical constraints, e.g., electrical 
connector shapes and types, along each active edge of 
one or more already-placed macros, e.g., macro 400 of 
FIG. 4A, to similar physical constraints on each edge of a 
to-be-placed macro, e.g., macro 404 of FIG. 4A, so as to 
determine whether or not the physical edge constraints of 
the to-be-placed macro are compatible with any of the 
active edges of the already placed macro(s) so that the to- 
be-placed macro may be placed immediately adjacent an 
already-placed macro. 

[0026] As used herein and in the appended claims, the term "ac- 
tive edge" and similar terms means that the edge so de- 
noted is available for receiving another macro immediately 
adjacent thereto. Whether or not an edge is an "active 
edge" may be determined in one or more of a variety of 
ways. For example, any edge of an already-placed macro 
may be deemed an active edge as long as another macro 
does not already occupy the spaces immediately adjacent 
that edge. Alternatively, active edges may be designated 
by a user. For example, in a computer-aided design (CAD) 
system, e.g., CAD system 600 of FIG. 6, having a graphical 



user interface (GUI), a user may select edges that are to be 
active edges using a conventional or other selecting tech- 
nique, such as "pointing and clicking" using a suitable in- 
put device, e.g., a computer mouse. It is noted that cer- 
tain edges, although not having other macros immediately 
adjacent them, may be prevented from being an active 
edge. For example, if there is insufficient room in a floor 
plan to accept another macro adjacent a certain edge, that 
edge may never be permitted to be an active edge. This 
concept may be extended to base the decision of whether 
or not an edge may be an active edge on which macro is 
selected as the to-be-placed macro, and even a particular 
orientation of a macro. For example, some macros are 
elongate and may fit between an already-placed macro 
and an edge of a floor plan only in one orientation of the 
long axis. 

[0027] | n determining edge compatibility, a to-be-placed macro 
may be mirrored or rotated, or both, so that for each ac- 
tive edge of the one or more already-placed macros, 
compatibility of the to-be-placed macro may be deter- 
mined by assessing that edge against eight edge configu- 
rations of the to-be-placed macro, i.e., each of the four 
edges of the to-be-placed macro in both its "normal" ori- 



entations and reverse orientation. As discussed below, 
macro placing method 300 may utilize a pattern matching 
algorithm to determine the edge compatibility between 
active edges of the one or more already-placed macros 
and edges of to-be-placed macros. 

[0028] At step 304, a canonical ordering of the edges of each 

macro available for placement may be made. This canoni- 
cal ordering may be any ordering desired, such as the 
clockwise ordering shown in FIG. 4A in which the "upper" 
edges of macros 400, 404 are each designated edge 1, 
"right-side" edges are each designated edge 2, "bottom" 
edges are each designated edge 3 and "left-side" edges 
are each designated edge 4. Of course, another ordering 
may be used, such as counterclockwise ordering. 

[0029] Referring again to FIG. 3, and also to FIGS. 4A and 5A, at 
step 308 an edge constraint vector, e.g., edge constraint 
vector 500 of FIG. 5A, may be created for each active edge 
of each already-placed macro 400 and each edge of se- 
lected to-be-placed macro 404. Generally, each edge 
constraint vector 500 contains a representation of the 
edge constraints along a corresponding edge of already- 
placed macro 400 or to-be-placed macro 404. Referring 
to FIG. 5A, in one embodiment, each edge constraint vec- 



tor 500 contains sets of signatures 502, e.g., numerals, 
representing both the type of constraint (or lack of con- 
straint where no constraint is present), e.g., an electrical 
connection to VDD on metal level Ml, and length of each 
constraint (or the length of an unconstrained region). The 
type of edge constraint may be designated by a signature 
502 unique to each type of constraint. For example, each 
unit within a region having a lack of constraint may be 
designated by the numeral "0," each constraint of VDD on 
metal level Ml may be designated by the numeral "1," 
each constraint of GND on metal level M2 may be desig- 
nated by the numeral "2," and so on for each type of con- 
straint present along the edges under consideration. 
[0030] The lengths of the constraints along each edge at issue 

may be represented by first selecting a unit of length that 
will be used to measure all edges and all constraints of 
the macros 400, 404 at issue and assigning a constraint 
signature, e.g., a numerical value, to each unit, wherein 
the constraint signature assigned to a unit depends upon 
the type of constraint present at that location. For exam- 
ple, in FIG. 5A, the length of edge 4 is 100 units, such that 
edge constraint vector 500 has a length of 101 elements, 
i.e., the number of numerals from 0 to 100 inclusive. 



From 0 to 15 no constraint is present, such that, in accor- 
dance with the signature designations enumerated above, 
elements 1-16 of edge constraint vector 500 each contain 
a "0." Similarly, from 15-40 a constraint of the type VDD 
on metal level Ml is present. Correspondingly, elements 
17-41 of edge constraint vector 500 each contain a "1." 
Likewise, from 40-60 no constraint is present, such that 
elements 42-61 of edge constraint vector each contain a 
"0," from 60-85 a constraint of the type GND on metal 
level M2 is present, such that elements 62-86 of edge 
constraint vector each contain a "2," and from 85-100 no 
constraint is present, such that elements each contain a 
"0." Each edge under consideration is "vectorized" in the 
same manner using the same measure of length. Using a 
common measure of length for all macros allows edge 
constraint vectors to be compared with one another so as 
to determine the compatibility of edges with one another. 
The unit of measure selected is generally pertinent only to 
the desired level of fineness needed to determine edge 
compatibility. The unit of measure may be a standardized 
unit of measure, such as a micron, or any other suitable 
unit of measure. 
[0031] ^ is noted that, depending upon the design of a macro, 



one or more of the edges of that macro may have two or 
more edge constraints that overlap one another. For ex- 
ample, edge 504 shown in FIG. 5B has a "SIGNAL on metal 
level M3" constraint 508 that overlaps each of a "VDD on 
metal level Ml" constraint 512 and a "GND on metal level 
M2" constraint 516 so as to form constraint overlaps 520, 
522. In this example, each unique overlap 520, 522 may 
be assigned its own signature. For example, all units 
within regions of no constraint may be designated with 
the signature "0," all units within constraint 512 may be 
designated with the signature "1," all units within con- 
straint overlap 520 may be designated with the signature 
"2," all units within constraint 508 may be designated with 
the signature "3," all units within constraint overlap 522 
may be designated with the signature "4" and all units 
within constraint 516 may be designated with the signa- 
ture "5." Then, if these constraints and edge 504 have the 
lengths shown in FIG. 5B, the corresponding edge con- 
straint vector 526 may be as shown in FIG. 5B. Those 
skilled in the art will readily appreciate how to extrapolate 
the present relatively simplistic examples to more com- 
plex edge constraint conditions. 
[0032] Depending upon the lengths of edge constraint vectors, 



e.g., edge constraint vector 500 and the number of edges 
that need to be vectorized, the memory requirements 
needed to store all of these vectors and/or the processing 
time needed to assemble these vectors may be considera- 
tions in implementing macro placement method 300. If 
either or both of these considerations becomes a concern, 
edge constraint vectors 500 may be stored in a compact 
edge constraint definition until needed. Then, when cer- 
tain edge constraint vectors 500 are needed based upon 
the one or more active edges of the one or more already- 
placed macros 400 and the to-be-placed macro 404 se- 
lected, the compact constraint definitions for these edges 
may be used to construct the corresponding edge con- 
straint vectors. FIG. 5C illustrates one form of a compact 
constraint definition 540 of the present invention. Com- 
pact constraint definition 540 corresponds to edge 504 
and edge constraint vector 526 of FIG. 5B. As seen, com- 
pact constraint definition 540 may include for each con- 
straint (and unconstrained region) a start point 544, an 
end point 548 and a description of the constraint 552, 
e.g., the name of the electrical network(s) and corre- 
sponding metal layer(s). Those skilled in the art will read- 
ily appreciate that there are many algorithms for expand- 



ing compact constraint definition 540 into edge constraint 
vector 526 and will readily understand how to implement 
such algorithms such that a detailed explanation is not 
necessary for those skilled in the art to make and use the 
present invention to its fullest scope as defined by the ap- 
pended claims. 

[0033] As shown in FIG. 3, at step 312 each edge of to-be-placed 
macro 404 (FIG. 4A) may be compared to each active edge 
of already-placed macro 400 (FIG. 4A), e.g., using a string 
matching algorithm that compares each edge constraint 
vector 500 (FIG. 5A) of the to-be-placed macro to each 
edge constraint vector of the active edges at issue. String 
matching algorithms are very well known in the art and do 
not need to be described in any detail herein for those 
skilled in the art to make and use the present invention. 
Generally, the string matching algorithm looks for 
matches via signatures 502 (FIG. 5A) between edge con- 
straints on edges of to-be-placed macro 404 with edge 
constraints on active edge(s) of already-placed macro(s) 
400. For example, referring to FIG. 4A, for this illustration 
it is assumed that edge 2 of already-placed macro 400 is 
the sole active edge. Edge 2 of already-placed macro 400 
may be represented, from upper end to lower end, by the 



edge constraint vector [0 1 1 1 0 0 0 0 0 0 0], wherein 
signature "0" designates no constraint and signature "1" 
designates VDD on metal level Ml. Similarly, edge 4 of to- 
be-placed macro 404 may be represented, from lower end 
to upper end, by the edge constraint vector [0 2 2 2 0 0 0 
1110], wherein signature "2" designates GND on metal 
level M2 and signatures "0" and "1" again designate, re- 
spectively, no constraint and VDD on metal level Ml. Ta- 
ble I, below, shows the edge constraint vectors for active 
edge 2 of already-placed macro 400 and each of edges 
1-4 of to-be-placed macro 404 in their "normal," i.e., 
forward order. 



TABLE I 


Already-Placed Macro 


To-Be-Placed Macro (forward order) 


Edge 2 


Edge 1 


Edge 2 


Edge 3 


Edge 4 


0 


0 


0 


0 


0 


1 


0 


1 


0 


2 


1 


0 


1 


0 


2 


1 


0 


1 


0 


2 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0 


0 


0 


0 


1 


0 


0 


0 


0 


1 


0 


0 


0 


0 


0 



[0034] Table II, below, shows the edge constraint vectors for ac- 
tive edge 2 of already-placed macro 400 and each of 
edges 1-4 of to-be-placed macro 404 in their reverse or- 
der. 



TABLE II 


Already-Placed Macro 


To-Be-Placed Macro (reverse order) 


Edge 2 

2 


Edge 1 


Edge 2 


Edge 3 


Edge 4 


0 


0 


0 


0 


0 


1 


0 


0 


0 


1 


1 


0 


0 


0 


1 


1 


0 


0 


0 


1 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 


0 


2 


0 
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1 


0 


2 


0 


0 


1 


0 


2 


0 


0 


0 


0 


0 



[0035] The foregoing Tables I and II represent all possible com- 
parisons that may be made of edges 1-4 of to-be-placed 
macro 404 to edge 2 of already-placed macro 400. From 
these tables it is seen that the only exact match between 
edge constraint vectors of edges 1-4 of to-be-placed 
macro and edge 2 of already-placed vector is for edge 2 
of the to-be-placed macro in its normal, or forward, or- 
der. Thus, if the matching criteria is exact matching, the 
only legal placement of to-be-placed macro 404 is imme- 
diately adjacent edge 2 of already-placed macro 400, with 
the to-be-placed macro flipped horizontally. This is 
shown in FIG. 4B. It is noted that rules for determining 
whether to-be-placed macro 404 should be flipped hori- 
zontally or vertically and/or rotated are easily made once 
a canonical ordering of the edges has been selected and 
applied. For example, from the immediately foregoing il- 



lustration, it is readily seen that if the string of signatures 
in the edge constraint vectors of edges 2 of already- 
placed and to-be-placed macros 400, 404 match in their 
normal order, then the to-be-placed macro must be 
flipped horizontally. However, if the match between edges 
2 of already-placed and to-be-placed macros 400, 404 
had been between the edge constraint vector of edge 2 of 
the to-be-placed macro in its reverse order and the edge 
constraint vector of edge 2 of the already-placed macro, 
then it is readily seen that the to-be-placed macro would 
have to be rotated 180° to be in its legal orientation rela- 
tive to edge 2 of the already-placed macro. It is easily 
seen that other rules will apply depending upon which 
edge(s) of to-be-placed macro 404 match which active- 
edge(s) of already-placed macro(s) 400 and the orienta- 
tion(s) of the already-placed macro(s). Deriving these 
rules is a straightforward task that is well within the ordi- 
nary level of skill of the relevant artisans. 
[0036] | n other embodiments, matching need not be exact. For 
example, regions containing no constraints (signature "0" 
in the preceding example) may be legally placed immedi- 
ately adjacent edge constraints (signatures "1" and "2"), 
since there is technically no interference between two or 



more actual physical constraints of different types, e.g., as 
in a constraint having a signature "1" confronting a con- 
straint having a signature "2." That is, a region of no con- 
straint does not have any actual physical constraints. 
Thus, it is readily seen from FIGS. 4A-4C and Tables I and 
II above that the only illegal placement of to-be-placed 
macro 404 is the placement shown in FIG. 4A, wherein 
there is indeed a physical conflict between constraint 
VDD:M1 of edge 2 of already-placed macro 400 and con- 
straint GND:M2 of edge 4 of to-be-placed macro 404 in 
its normal order. In any of the other seven possible place- 
ments, either constraint VDD:M1 of edge 2 of already- 
placed macro 400 would abut a similar VDD:M1 edge con- 
straint on to-be-placed macro 404 or a region of no con- 
straint on the to-be-placed macro. That said, a placement 
wherein similar edge constraints do not abut one another 
but would if to-be-placed macro 404 were in a different 
orientation may not be desirable, since the benefits of 
such abutment, e.g., common connectors and better 
space utilization, will not be exploited. For example, plac- 
ing to-be-placed macro 404 adjacent edge 2 of already- 
placed macro such that either edge 1 or edge 3 of the to- 
be-placed macro abuts edge 2 of the already-placed 



macro would not be as efficient as either of the two place- 
ments shown in FIGS. 4B and 4C. 

[0037] | t j S noted that other non-exact matching schemes may 
be alternatively, or additionally, implemented. For exam- 
ple, segments having the same signatures need not have 
the same physical lengths and/or may only partially over- 
lap one another. Thus, e.g., it may be legal to abut a short 
VDD:M1 edge constraint to a long VDD:M1 constraint, or 
abut two GND:M2 edge constraints that 50% overlap with 
one another. Those skilled in the art will readily appreciate 
the various matching schemes that may be implemented 
and readily understand how to implement various string 
matching algorithms to implement these schemes. 

[0038] | n addition, the foregoing examples are based on already- 
placed and to-be-placed macros 400, 404 (FIG. 4A) hav- 
ing edges all of the same length. However, a macro- 
placement method of the present invention, e.g., macro- 
placement method 300 of FIG. 3 can easily be imple- 
mented with macros having different shapes and/or edges 
of different lengths. For example, when determining the 
compatibility of a short edge of a to-be-placed macro 
(not shown) with a long edge of an already-placed macro 
(not shown), the short-edge edge constraint vector of the 



to-be-placed macro may be match-searched against the 
entire length of the long-edge edge constraint vector of 
the already-placed macro, e.g., using a known string- 
searching algorithm, in order to determine all legal 
matches of the short-edge edge constraint vector to the 
long-edge edge constraint vector. Depending upon the 
constraints present on the two edges, the result of the 
matching may be the placement of the to-be-placed 
macro, e.g., at a one-third point, middle or other location, 
along the long edge of the already-placed macro. Those 
skilled in the art will readily understand how to implement 
a string matching algorithm to implement matching algo- 
rithms for edges of different lengths. 
[0039] FIG. 6 shows a CAD system 600 of the present invention 
that incorporates a macro placing module 604 operatively 
configured to place macros using a macro placing method 
the same as or similar to macro-placing method 300 de- 
scribed above in connection with FIGS. 3, 4A-4C and 
5A-5C. It is noted that the term "module" and like terms 
are used herein and in the appended claims for conve- 
nience to denote functionality and not necessarily a physi- 
cal or software module, although these modules are en- 
compassed in the definition of "module" as long as they 



provide the requisite functionality. Consequently, macro 
placing module 604 may, in implementation, comprise 
computer instructions arranged in one or more groups, 
such as an application program, an application program 
plug-in or module, routines, and/or subroutines, among 
others. 

[0040] CAD system 600 may also include, among other things, 
CAD software 608, a database 612 and one or more 
workstations 616 that allows a user (not shown) to utilize 
the functionality of the software, e.g., using a GUI 620 
that permits the user to interact with the software using 
any one or more of a variety of input devices, such as a 
mouse 624, trackball, keyboard, digitizer, etc. CAD soft- 
ware 608 may include one or more conventional CAD 
modules 628 that provide conventional CAD functions, 
such as circuit placement, wiring compacting, design rule 
checking, etc., and a user interface module 632 that, es- 
sentially, drives each GUI 620. Macro placing module 604 
may include, among other things, a user interface sub- 
module 636, an edge constraint defining sub-module 
640, an edge constraint vectorizing sub-module 644 and 
a placing sub-module 648. User interface sub-module 
636 may provide any additional functionality to user in- 



terface module 632 that macro placing module 604 uses 
but the conventional user interface module does not in- 
clude. Edge constraint defining sub-module 640 may be 
operatively configured to define the edge constraints of all 
of the various types of macros 652 that can be placed us- 
ing placing sub-module 648. Macros 652 may be dis- 
played, e.g., in an "available macros" region 656 of GUI 
620. The output of edge constraint defining sub-module 
640 may be a list of edge constraint definitions for all 
edges of available macros 652 as defined in a canonical 
order. This list 660 of edge constraint definitions may be 
stored in database 612. The edge constraint definitions 
may, if desired, be in a form similar to edge constraint 
definitions 540 of FIG. 5C. Edge constraint vectorizing 
sub-module 644 may be operatively configured to vector- 
ize the ones of edge constraint definitions needed when a 
particular to-be-placed macro 664 is about to be placed. 
In one embodiment, the edge constraint definitions 
needed may be all of the edge constraint definitions of to- 
be-placed macro 664 and all of the edge constraint defi- 
nitions of the active edges 668A-G of the one or more al- 
ready-placed macros 672A-672C. The determination of 
which one of available macros 652 a user has selected as 



the to-be-placed macro 664 and which edges of already 
placed macro(s) 672A-672C may be made by placing sub- 
module 648. The output of edge constraint vectorizing 
sub-module 644 may be a plurality of edge constraint 
vectors 676, which may be stored in database 612 or 
other memory location. 

[0041] placing sub-module 648 may be provided with a host of 
functions that allow a user to quickly determine all legal 
locations of a selected to-be-placed macro 664 and then 
make a legal placement. Following is a description of an 
exemplary set of functions of placing sub-module 648. It 
is noted that those having ordinary skill in the art will 
readily understand how to implement these functions in a 
placing sub-module according to the present invention. In 
addition, skilled artisans will easily be able to implement 
additional and/or alternative functions that flow from the 
broad concepts of the present invention. 

[0042] This example assumes that three macros 672A-672C 

have already been placed within a floor plan region 680 of 
GUI 620 and that, of the twelve edges of these three mod- 
ules, seven edges are active, i.e., edges 668. Of the five 
edges that are not active, i.e., edges 684A-684E, edges 
684A-684C are not active since, for the selected to- 



be-placed macro 664, there is not enough space within 
floor plan region 680 adjacent these edges for the to-be 
placed macro to be placed there. However, if the size of 
to-be-placed macro 664 permits, any one or more of 
edges 684A-684C may be deemed active. Regarding 
edges 684D, 684E, these edges are not active because 
each already abuts macro 672A, and, of course, cannot 
abut yet another macro. Edge 668F of already-placed 
macro 672A that already abuts two other already-placed 
macros 672B, 672C may be deemed active. This is so if in 
certain orientations, to-be-placed macro 664 can be lo- 
cated between already-placed macros 672A, 672B, as 
long as compatibility exists between one of the short 
edges of the to-be-placed macro and the un-abutted 
segment 688 of edge 668F of already-placed macro 
672A. Active edges 668A-668C may be highlighted in 
some manner, e.g., by using a distinct color and/or 
lineweight, etc., and/or labeled in some manner, or other- 
wise be identified as being active. In alternative embodi- 
ments, placing sub-module 648 may be configured so 
that when only a segment of an edge is active, e.g., seg- 
ment 688 of edge 668F of already-placed macro 672A, 
only that segment is identified as being active. 



[0043] Once all of the edges of to-be-placed macro 664 and ac- 
tive edges 668A-668G of already-placed macros 
672A-672C have been identified, edge constraint vector- 
izing sub-module 644 may vectorize the corresponding 
respective edge constraint definitions of these edges. 
Placing sub-module 648 may then implement a suitable 
string-matching algorithm to find all legal locations 692 
on active edges 668A-668G of already-placed macros 
672A-672C and the corresponding orientation of to- 
be-placed macro 664. The legal location(s) 692 may be 
highlighted, labeled or otherwise identified as such. Plac- 
ing sub-module 648 may also be configured to provide a 
snap-to feature that allows the user to drag to-be-placed 
macro 664 to a location proximate one of legal locations 
692, and, when the macro is within a predetermined dis- 
tance from that location cause the to-be-placed macro to 
snap, i.e., move, into its proper placement and orienta- 
tion. The above-described steps may continue until all of 
the desired macros have been placed. 

[0044] Although the invention has been described and illustrated 
with respect to exemplary embodiments thereof, it should 
be understood by those skilled in the art that the forego- 
ing and various other changes, omissions and additions 



may be made therein and thereto, without parting from 
the spirit and scope of the present invention. 



